T he necessity of objectively determining the numbers of groups of organisms, along with their shapes, positions and other characteristics, arises often in ecological and behavioural studies (Hamilton 1971; Radakov 1973; Morse 1980; Ginsberg & Young 1992; Whitehead 1997) . Choice by isolated animals of a particular conspecific group (herd, flock, or school) as a function of group size, shape and composition can have important consequences for their predation risk and foraging success (Caraco et al. 1980; Magurran & Pitcher 1983; Clark & Mangel 1986; Hager & Helfman 1991) . Studies of grouping behaviour, in the laboratory and in the wild, must be based on operationally objective characterization of the numbers and sizes of such groups.
This problem has recently emerged in our study of schooling behaviour in Corydoras paleatus, a benthic South American catfish that schools in two dimensions rather than three and displays a fission/fusion social behaviour that depends on group size. We initially observed that seven or fewer individuals (more or less) almost invariably cluster into a single aggregation, whereas 12 or more individuals (more or less) tend to spend most of their time separated into two aggregations. Groups of 7-12 individuals typically display an intermediate behaviour, alternately separating from one 'school' into two and remerging. Larger groups commonly associate and disassociate into two, three or more schools, usually differing in shape, orientation and number of individuals. Our objective has been to dissect this dynamic behaviour by filming aggregations from above under various experimental conditions, digitizing the positions and orientations of individuals, and quantifying the spatial structure over time using statistical tools appropriate for such studies (Morgan et al. 1976; Diggle 1983; Cressie 1991; Whitehead 1997) .
However, an unexpectedly difficult analytical task has been to determine objectively, at a particular time, the number of schools present and the most reasonable assignment of individuals to schools. This is complicated by the following factors, which are not uncommon in studies of group structure and dynamics (Hamilton 1971; Radakov 1973) : (1) schools can differ in extent (area) and in numbers of individuals; (2) schools can differ in shape, from nearly circular when at rest to tear-shaped or very irregular and elongate when in motion; (3) when a group of individuals breaks away from a school, it often leaves behind a concavity that might not be filled until the school shifts position or direction (i.e. schools need not be convex, and one can partially surround another); (4) as is typical of schooling fish, individuals within groups tend to be regularly spaced (i.e. underdispersed rather than randomly dispersed); and (5) not all individuals need be in an existing school; 'outlying' individuals sometimes wander away for a time before returning to the same or a different school. Thus any quantitative method employed to recognize aggregations objectively must be relatively robust to differences in size, shape and orientation, and must be capable of recognizing outliers (i.e. groups of one) (Fig. 1a) . Furthermore, since accidental clusters of individuals can arise even in random dispersions, the method should be capable of determining whether the observed groups are statistically significant with respect to some measure of randomness. It should also be extensible to three dimensions for general studies of spatial structure of aquatic, soil and aerial organisms. Ideally, because schooling behaviour is filmed as a time series, it would be most informative for group identification at one instant of time to be consistent with or constrained by neighbouring time periods.
This, of course, is a problem in cluster analysis, and the literature on discovering natural clusters in data is both extensive and highly sophisticated (Fukunaga 1990; Kaufman & Rousseeuw 1990; Everitt 1993; Bock 1994; Cheng & Titterington 1994; Diday et al. 1994; Hansen et al. 1994; Hardy 1994; Backer 1995; Arabie et al. 1996) . However, of the extremely diverse array of clustering and partitioning methods available, few are appropriate for identifying and characterizing two-dimensional catfish schools (or bird flocks, wildebeest herds, etc.). Almost all partitioning, hierarchical, finite-mixture and probabilistic clustering algorithms, and virtually all of the decision rules for determining the number of 'significant' clusters present, work best for circular (or spherical) compact clusters of approximately equal size, both in numbers of individuals and in area or volume. Such methods thus tend to subdivide elongated or unusually large clusters into two or more roughly circular groups of equal size. (This is true even for UPGMA, by far the most commonly 
